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Summary 

Studies were conducted to assess the Influence of hydrothermal processes used 
during practical feed manufacturing on the stability and efficacy of 
supplemented carbohydrases. Enzyme activities of feeds were determined 
analytically and the performance of broiler chicks fed diets supplemented with 
various enzyme sources was monitored. The results obtained indicate that the 
stability of the tested carbohydrases is not endangered to a great extent, if a 
critical temperature of around 78 *Cis not exceeded during the hydrothermal 
process. With higher process temperatures, stability and efficacy of enzymes 
are aizeably reduced. High temperature stress can be avoided by adding the 
enzymes after the hydrothermal process. 
(Keywords: enzyme, assay, stability, feed, feed manufacturing) 

Introduction 



Enzymes belong to the micro -ingredients sensitive to feed manufacturing 

processes. Among these, hydiol^ermal processes, such as pelleting, extrusion 

and expansion, have been recognised ^t^tlaJlydestruptive^^^ 

carbohydrases, e.g. gluoanases (Campbell and Classen, 1989), phajtase 

( Jun^bloed and Kemme, 1990; ^hwarz and Sch6ner, 1991) and proteases 

(CRC Handbook, 1980), Controversy exists as to the extent of these losses, 

which appear to be affected by the type of enzyme preparation as well as the 

methods of assessing pelleting temperature and enzyme recovery. 

Studies were carried out with commercial carbohydrases in order to quantify 

the losses and to identify ways to reduce them. 



Materials and methods 



Experimental products. The experiments were run with 4 commercial multi- 
enzyme preparations (Table 1): A) dry enzyme complex derived from 
Txichoderma virlde, B) a dry enzyme of fungal and bacterial origin, C) a dry 
enzyme of fungal and bacterial origin, D) a liquid form derived from 
Trlchoderma longibrachlatum. 



Experimental diets and design Three trials were conducted to assess: 

( 1 ) the physical and chemical characteristics of the dry enzymes 

(2) the recovery and stability of the enzymes in feed, monitored 

by analytical and biological parameters 
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(3) the use and efficacy of an enzyme In liquid form. 
Particle size and number were measured with a laser particle slzer. For 
assessing thermostability, the products were moistened to reach a water 
content of 15% and heated for 30 minutes at 98 *C. Enzyme activities were 
measured before and after the treatment. 

For experiment 2, a commercial broiler feed based on barley, wheat and rye 
(composition and contents in Table Z) was mixed and products A - C were 
added at the rates given in Table 1 . A blank feed was used as control. The diets 
were then pelleted at three temperatures (Table 6). Product D was diluted 1 :9 
with water and sprayed onto the control feed. Samples were taken before and 
after pelleting and assayed for enzyme activities. 

The feeds were then used in an animal experiment which was carried out in 
two runs. A total of 576 day-old broiler chicks were divided into 12 equal 
groups each containing 3 male and 3 female replicates. The birds were fed the 
control diet for 1 week and on day 8 the groups were assigned to the 
experimental diets. In the first run, the feeds pelleted at 76 *C were 
administered, in the second set the feeds pelleted at 66 °C 5 and the feeds 
containing preparation A and control, pelleted at 72 *C. Performance 
parameters were recorded on day 22. Fresh digesta from birds of each 
treatment were taken on day 22 from the upper part of the small intestine for 
analysis of viscosity. 

In trial 3, application processes for preparation D were investigated. The 
product was diluted with water of room temperature (BT) or 70 *C and 
sprayed in a batch process onto feed. The feeds were then transported 
pneumatically through an aspiration system and samples were taken before 
and after the transport of the feed for assay of glucanase activity. 

Analytical procedures. The beta-glucanase and xylanase activities of the 
enzyme preparations (trial 1 ) were analysed by measuring liberated reducing 
sugars from barley glucan or carboyimethyi xylan as substrate after incubation 
(F. Hoflmann - La Roche, 1991). For assessing enzymatic activities in feeds 
(trials 2 and 3), two methods were used based on a spectrophotometry 
measurement of a dye liberated from a coloured substrate upon incubation of a 
feed extract. The concentration of the added enzyme was quantified by 
comparison with standard curves obtained with blank feed samples to which 
known amounts of enzyme had been added. 

The substrate used for assessing beta-glucanase activity was a commercially 
available azodye-labelled barley-glucan preparation. The samples were 
extracted with an acetate buffer pH 4.6. The extract was incubated with the 
substrate at a temperature of 60 °C for 30 minutes . After precipitating the 
remaining insoluble substrate with a zinc acetate buffer, the solubillzed dye 
was measured spectrophotometrlcally In the Altered solution at 690 run. 
The xylanase activity was measured using a commercially available dye-labelled 
xylan preparation. The enzyme was extracted from the feed sample using a 
phosphate buffer at pH 6.0. An aliquot of the extract was purified using a PD 
10 eephadex Q26-M column and a phosphate buffer pH 8. From the first 12 mL 
containing the xylanase. 2.0 mL were used for the assay with the dye-labelled 
substrate. The conditions for the incubation were the following: temperature 
60 *C, time 2.6 h. Precipitation of the remaining substrate was achieved by the 
addition of a solution of hydrochloric add in ethanol. After cenirlfugation, the 
solubillzed dye was measured spectrophotometrically at 666 nm. All assays 
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were performed in duplicate. The results were expressed as mg enzyme 
preparation A per kg of feed. Viscosity of dlgesta and feed were analysed 
according to Wang et aL, 1992. The AOAC method was used for measuring fibre 
contents of the feeds (Pronaky et al., 1984). 

Statistical analysis. Weight, feed conversion and Intestinal viscosity from the 
animal study were subjected to analysis of variance and Duncan's multiple 
range test to determine differences between means using BA8 procedure. 
Means were considered to be significantly different at P < 0.08. 
Analytical recovery of enzyme preparations was expressed as % of the 
respective supplemented plus native enzyme activities in feed. The stability of 
enzyme preparations in pelleted feed was expressed as retention in % of the 
activity found in the respective mash feed. The results are given as average 
(Avg) and coefficient of variation (CV). 

Results and discussion 

The physical and chemical characteristics of the preparations are given in 
Table 1 . Product C was much coarser then A and B, but particle numbers/g of 
all forms were sufficiently high to guarantee a good mixability and 
homogeneous distribution of the enzymes in feeds. The forms differed in 
thermostability, possibly because of differing degrees of stabilisation or the 
source of the enzyme preparation. 

Table 4 gives the xylanase and glucanase recoveries found with enzyme A 
added to the experimental feed. In mash feed, there was a full recovery of 
xylanase and glucanase activities. IXirlng storage of 1 month at room 
temperature, enzyme contents remained unchanged. When the feed was 
pelleted at 78 9 C r recoveries were in the range of 78 - 90% of the expected 
enzyme contents, i.e. less than In the masnfoed, This can be explained by a 
degradation caused by the pelleting process. Taken into account that most 
feeds are either fed as mash or as pellets not produced at temperatures over 78 
•6; the stability of preparation A could be regarded as reasonably good. 
The effect of varying peUet^ t^peratai^ 

preparations, animal performance and intestinal viscosity is given in Tables 8 - 
7. tfor preparation A+ retention in pelleted foed decreased with Increasing 
process temperature (Table 8 ). Enzyme activities of forms B and C could only 
be qualitatively detected and, therefore the stability of these forms could not be 
quantified. This suggests that with the type of assay procedure used, methods 
need to be elaborated for individual enzyme products. Measured at a similar 
temperature, retentions in pelleted feed were less than in the enzyme 
preparations. This suggests that enzymes are susceptible to the combined effect 
of temperature and moisture In the form of steam. 

In the birds given the feed pelleted at 72 *C, preparation A was superior to 
control in weight gain and feed conversion (Table 7). With the feed pelleted at 
76 *C, there was no significant effect of enzyme preparations on weight gain. 
Feed conversion with preparation A was superior to control, and the other 
preparations tended to show numerical improvements (Table 5). This is also 
reflected In the intestinal viscosities recorded. The enzymes A - 0 added to the 
feed pelleted at 86 *C showed generally less marked effects in the birds than 
with the feed produced at 76 Q G. However, there was still a numerical effect of 
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enzymes recorded on weight gain, while form D improved feed conversion 
significantly (Table 7). Intestinal viscosity tended to be less with added 
enzymes, compared to control (Table 6). 

Figure 1 summarises the findings for preparation A and D. For enzyme A, 
there was a parallel drop of stability and animal performance obtained with 
increasing pelleting temperature. While with feeds produced at 76 °C enzyme A 
and D performed similarly, D was superior in the feed processed at 86 *C, 
These results suggest that for enzyme A the critical pelleting temperature 
beyond which losses of activity are alzeably increased is around 78 *C. At a 
conditioning temperature of 78 *C t Cowan ( 1993) had found retentions 
ranging from 20% to 88%, depending on the enzyme source included in the 
feeds, suggesting that there are large differences of stability among commercial 
products. 

Feed is usually not pelleted at temperatures above 78 *C. However, it has 
become recent practice to increase the hygienic standard of poultry feed by 
applying hydrothermal processes with temperatures above 80 °C, In the feed 
treated alike a reduced, but still present, effect of enzymes A - C was found. 
This is in agreement with earlier reports on improved weight gain and feed 
conversion recorded with expanded feed containing enzyme A (Gadient and 
Broz, 1992), and with long-time conditioned feed (Graham and Inborr, 1993). 
For feeds processed over 80 °C, the liquid enzyme D used after the 
hydrothermal process resulted in analytical recoveries up to the targeted 
addition level and tended to improve economical parameters in birds. This has 
also been found with glucanase enzymes, as reported by Cowan (1993). 
Recoveries found in the tests investigating the technical application of a liquid 
enzyme after the hydrothermal process are given in Table 8. When enzyme D 
was diluted at BT, enzyme contents of up to the target content were reached in 
the feeds. Uniformity of distribution ranged from 9% to 20%. On the other 
hand, enzyme recovery with the hot dilution was only 69%. Abrasion losses by 
transport of the feed containing enzyme D were up to 26%. 
This indicates that liquid forms of enzymes may be used after the hydro- 
thermal process. Suitable dosing and spraying equipment is commercially 
available which permits a relatively easy use of such preparations. Care must 
also be taken to use a precise and robust application process and to avoid 
losses of enzyme activity by abrasion. 
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Fig. 1 : Relative improvement and stability of enzyme preparations A and D, 
depending on pelleting temperature of feed 



Relative improvements and stability of enzyme preparations A 
andD. depending on pelleting temperature of feed 



Product A 3D 
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Tab. l: Characteristics of enzyme preparations 



Tab. 4: Recover, 
feed (% i 



Preparation 
-Addition 
rate (g per leg) 
•Particle size 
(% > 6.88 mm) 

• Particle number 
(per g product) 
(per 10 g of feed) 

* Thermostability 
(% retention) 
Glucanase 
Xylanase 



A 

0.15 
0 

3 million 
4800 



94% 
98% 



B 

1.0 

3 



C 

1.0 

20 



0.15 



1.12 million 0.13 million 
11200 1300 



39% 
42% 



68% 
87% 



Feed 
form 



Tab. 2: Composition of experimental diet 



Mash 

Pelleted at 76 •( 



Tab. 8: Perform 
onenzyi 

Preparation 



Ingredient: % 

Barley 30.0 

Bye 9.0 

Fish meal 5.0 

DICa phosphate 1 .0 

Salt 0.2 

Vitamins 1 .0 

Content (calculated): 

ME (MJjfcg) 12.54 

Crude fat (%) 6.6 

Lysine (%): 1.2 



Ingredient: 
Wheat 

Soybean meal 
Swine lard 
limestone 
Methionine 



Crude protein (%): 21.9 
Crude abre(%): 3.5 
Meth. and cyst. (%): 1.0 



% 

25.0 
27.0 
4.7 
0.9 
0.3 



Content (analysed, mash feed withoutadded enzymes): 
Viscosity (mPas): 0.96 Water-soluble fibres (%): 1.2 
Xylanase (mgteg): 0 Glucanase (mgfttg): 35 



0 (Control) 

A 

B 

C 

D 

a,b,o = values vri. 
q - qualitatively 



Tab. 6: Effect of 
and Inte. 



Preparation 



Tab. 3: Process conditions of experimental feeds produced at three 
temperatures 



Pelleting temperature ( V C) 


72 


76 


86 


Conditioning temperature (°C) 


43 


70 


90 


Throughput (kg/h) 


161 


161 


168 


Speclfio energy input (kWh/t) 


28 


22 


19 


Output (% maximum) 


40 


40 


40 


Moisture after pelleting (%) 


11 


12 


14 


Moisture after drying (%) 


9 


11 


12 



0 (Control) 

O (Control) 

A 

A 

B 

C 

0 

q « qualitatively 
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D 

0.13 




Tab. 4: Recovery of enzyme A In feed, depending on form and storage of 
feed (% supplemented + native enzyme activity) 



Feed 
form 



fresh stored (30 days) 

Xylanase Glucanase Olucanase 
Avg CV Avg CV Avg CV 



Mash 103.4 16.1 107.4 5.2 107.4 8.0 

Pelleted at 76 °C 91.4 29,1 76.6 6.4 76.2 14.2 



Tab. 5: Performance and intestinal viscosity of broiler ohicks, depending 
on enzyme preparation included In feeds pelleted at 76 *C 



Preparation Glucanase Intestinal Weight gain (g) Feed conversion 
retention viscosity day 6 - 22 day 8 - 22 

(%) (mPas) 



0 (Control) 


50 


1.63 a 


623.9 a 


1.80 a 


A 


71 


1.32 c 


631.2 a 


1.44 b 


B 


q 


1.42 bo 


625.4 a 


1.48 ab 


C 


0 


1.80 b 


628.7 a 


1.47 ab 


D 


120* 


1.43 bo 


639,6 a 


1.46 ab 



a,b,o - values without common letter differ significantly (P<0. 05 ) 
q * qualitatively detected "% of supplemented + native 



Tab. 6: Effect of pelleting temperature on recovery of enzymes In feed 
and intestinal viscosity in broilers 



Preparation Pelleting Intestinal Enzyme retention 

temperature viscosity Xyianase Glucanase 
(*C) (mPas) (% of content in mash feed) 



66 
90 
168 
19 
40 
14 
12 



O (Control) 

0 (Control) 

A 

A 

B 

C 

D 



72 
86 
72 
86 
88 
86 
86 



1.60 
1.71 
1.31 
1.50 
1-84 
1.64 
1.39 



100 
37 
b 
b 
1 



100 
86 

100 
24 

q 

116* 



q ** qualitatively detected 2> m below detection limit * % supplemented + native 
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Tab. 7: Performance of broiler cnicks, depending on enzyme 

preparation Included in feeds pelleted at various temperatures 



THERMOSTABILITY 
PROCESSES AND APP! 



Preparation Pelleting Weight gain (g) Feed conversion 
temperature day 8 - 22 day 8 - 22 



O (Control) 72 

O (Control) 88 

A ?2 

A 88 

B 88 

C 86 

D 86 



386.6 a 1.61 a 

591.7 a 1.87 & 
614.4 a 1.82 b 
602.7 a 1.86 a 
603.2 a 1.87 a 
607.0 a 1.58 a 
618.0 a 1.51 b 



a,b - values without common letter differ significantly (P<0. 05) 



Tab. 8; Recovery of liquid enssyme preparation D in broiler feeds, 
depending on application process 



Temperature (*C) 
Pellets/Dilution 



Recovery In feed 

(% of supplemented + 

native enzyme activity) 



Recovery after transport 
( % of content before 
transport) 



Avg 



CV 



Avg 



82/20 113.8% 9.2% 97.6% 

82/70 68.7% 19.7% 74.4% 
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